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Abstract 
To enhance vaccine uptake and implement appropriate interventions, factors influencing immunization status of children should be 
identified and addressed. We conducted a cross-sectional study among children attending the first year of the Greek Grammar school 
(about 6 years of age) and their parents/guardians to identify predictive factors of complete and age-appropriate vaccination status. 
The country was stratified into 6 regions and each region was subdivided into urban and rural areas. Each cluster contained a school 
classroom randomly selected from each region. All 4,390 pupils of the selected clusters were asked to provide their vaccination 
booklet and their parents/guardians were asked to complete a questionnaire regarding beliefs and attitudes towards immunization. 
Weighted proportions, Relative Risks (RR) and 95% Confidence Internals (95%CI) were estimated in a way that allowed for the 
stratification and the clustering of the sample. Of all 3,878 (88.3%) participant children, 63.9% (95%CI 61.4%-66.3%) had received 
all the recommended vaccines and 52.1% (95%CI 49.5%-54.8%) were up-to-date. Belonging to a minority group (adjusted-RR  
0.53; 95%CI 0.45-0.64, adjusted-RR 0.41; 95%CI 0.32-0.53), having other siblings (adjusted RR  0.73; 95%CI 0.62-0.84, adjusted-
RR 0.71; 95%CI 0.59-0.81), and perceiving long distance to immunization site as a barrier (adjusted-RR  0.93; 95%CI 0.86-1.01, 
adjusted-RR 0.87; 95%CI 0.76-0.99) were independent predictors of both complete and age-appropriate  vaccination status in the 
final regression models, respectively. Maternal age  30 years (adjusted-RR 1.14; 95%CI 1.02-1.28) and the perception of less 
severity of vaccine preventable diseases (adjusted-RR  0.92; 95%CI 0.85-0.99)  were associated with complete vaccination, whereas 
paternal education of high school or higher (adjusted-RR 1.13; 95%CI 1.03-1.24)  was the other independent determinant of age-
appropriate  immunization.Socioeconomic factors rather than parental beliefs and attitudes towards immunization explained 
underimmunization. Further interventions are warranted to enhance vaccine uptake in high-risk groups identified in this study.  
© 2010 Published by Elsevier Ltd.
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Introduction  
To improve vaccination coverage and reach high immunization levels, the reasons for inadequate vaccinations need 
to be identified and addressed.  A group of possible factors have been found to be associated with low immunization 
rates, including different socio-economic determinants such as low family income (1-5), lack of health insurance (5-7), 
low levels of parental education (1-2,8-9), non-white race (1,3,10), young age of parents (9),  the presence of other 
siblings in the household (3,6); and structural barriers such as lack of a routine source of health care [4] or decreased 
availability of physician services (5-7,9-16).  Several studies suggest that vaccine provider-associated factors including 
physicians’ behavior have an important impact on vaccination coverage (11, 17-21). Other studies have identified 
perceived barriers, parental health beliefs and attitudes towards childhood immunization as risk factors for 
undervaccination (18,22-28). However, some studies concluded that parental attitudes and beliefs could not explain 
underimmunization, with a few suggesting that socioeconomic factors play a more important role (29-33). 
In Greece, most of the current knowledge on immunization uptake is based on two national population-based 
surveys conducted in 1997 and in 2001 using representative samples of children attending the first year of Greek 
Grammar school (children born in 1991) and of two year olds (children born in 1997), respectively.  Results of those 
surveys showed high vaccination coverage (34-35). However, an outbreak of measles in 2006 revealed low coverage 
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among the Roma minority and immigrants (36-37); groups accounting for 55% and 15% of cases, but only 1% and 8% 
of the general population, respectively. 
Most large studies have only assessed the effect of socio-demographic factors on vaccination, whereas the role of 
parental beliefs and attitudes or the combination of a wide range of factors were less commonly examined. In Greece, 
there have not been any published studies conducted to identify determinants of vaccination uptake. By identifying 
potential parental beliefs, barriers and social factors associated with underimmunization, modifications may be made in 
strategies designed to ensure that more children receive all recommended vaccines. Therefore, as part of the 2006 
national vaccination coverage survey among children attending the first year of the Greek Grammar school, we 
conducted a cross-sectional study to identify the potential effects of parental beliefs, perceived barriers and 
socioeconomic characteristics on immunization status of children.  
Methods 
We used stratified cluster sampling. The country was stratified into 6 regions and each region was subdivided into 
urban and rural areas. Each cluster contained a school classroom randomly selected from each region. All 4,390 pupils 
of the selected clusters were asked to provide their vaccination booklet and their parents/guardians were asked to 
complete a questionnaire regarding beliefs and attitudes towards immunization. 
1.1.  Main outcomes 
Children were considered fully vaccinated if they had received all of the following vaccinations, according to the 
National Vaccination Programme (NVP) (38) : (i) 5 doses of DTP vaccine, (ii) 5 doses of poliomyelitis vaccine, (iii) 2 
doses of MMR vaccine, (iv) 3 doses of hepatitis B (HBV) vaccine and (v) full vaccination for Haemophilus Influenza 
type b (Hib).  
Children were considered age-appropriately vaccinated if they were both completely and timely immunized, i.e. if 
they had received all of the following, according to the NVP (38) : (i) the 3rd, 4th and 5th dose of DTP vaccine by the 
age of 12, 24 and 72 months, respectively, (ii) the 3rd, 4th and 5th dose of  poliomyelitis vaccine by the age of 12, 24 
and 72 months, respectively, (iii)  the first and second dose of MMR vaccine by the age of 2 and 6 years respectively, 
(iv) 3 doses of HBV vaccine and (v) primary vaccination for Hib.   
1.2. Parental beliefs and perceived barriers 
Parents/ guardians completing the self-administered questionnaire were asked to indicate their agreement with 
statements on perceived benefits or harms of and barriers to immunization. These statements addressed issues regarding 
positive and uncritical positive opinions towards immunization, new licensed vaccines, perceived safety of 
immunizations, accuracy of recommendations, financial profit and perceived financial, structural or health care service 
barriers to vaccination.  
1.3.  Statistical Analysis 
The estimated proportions of school children vaccinated by the age of 6 were weighted to adjust for the effect of the 
sampling design. Sample weights were calculated for each stratum, according to the stratum size of 6 year old pupils, 
which was derived from the sampling frame. Risk Ratios (RR) were calculated from the weighted proportions in the 
different groups to identify factors associated with complete and age-appropriate vaccination status. Multiple logistic 
regression models were constructed to identify independent factors associated with vaccination status. The adjusted RR 
derived from binomial regression using all the variables of the final logistic regression model. 
Results  
In total, 342 (99.2%) school classes participated in the study and 3,878 (88.3%) successfully linked parent/guardian-
child pairs were included in the final analysis. Almost 23% of children lived in a rural area and 16% belonged to a 
minority group, consisting of immigrants (7.8%), Greek Muslims (7.5%) and Roma (1.3%). Only 3% of children were 
completely uninsured. Of all children, 64% (95%CI 61.4%-66.4%) had received all the recommended doses and 
vaccines and 52% (95% CI 49.5%-54.8%) had an age-appropriate vaccination status.  
Parents/guardians indicated a high degree of perceived necessity of immunization with the vast majority (98.5%; 
95% CI 97.3-99.1) agreeing that vaccination is beneficial for their children. In addition, 71.7% (95%CI 69.9-73.9) 
considered that vaccines are completely safe and never harm child health and 41.4% (95%CI 41.3-45.6) felt that 
children should be immediately immunized with every newly introduced vaccine, reflecting an uncritical positive 
opinion on vaccination. Nevertheless, 19.4% (95%CI 16.2-22.4) reported that natural childhood disease may be 
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preferable to vaccination, reflecting lack of awareness of the hazards of vaccine-preventable diseases.  The cost related 
to immunization was the barrier most commonly identified (49%; 95% CI 46.3-52.1).   
Children were less likely to be completely and age-appropriately vaccinated if they belonged to a minority group, 
had 3 other siblings in the household or their parents/guardians perceived long distance to immunization site, as a 
major barrier to immunization (Table 1). Full vaccination coverage was 8% lower in children of parents reporting that 
natural childhood disease may be preferable to vaccination. Children were 26% more likely to be fully vaccinated if 
they were born to a mother aged more than 25 years. Age-appropriate vaccination coverage increased with increasing 
years of father’s education.  
 
Table 1. Predictive factors for being fully and age-appropriately vaccinated from logistic regression analysis (final model) 
 
Variable 
Adjusted RR†  
for complete vaccination 
Final model 
(95% CI‡) 
N=3007
Adjusted RR†  
for age-appropriate vaccination 
Final model 
(95% CI‡) 
N= 2950
Minority group 
Non-minority population 
Immigrants
Greek Muslims
Roma 
Number of other siblings  
Only child 
1-2 other children 
3 other children 
Long distance to immunization site 
No 
Yes 
Mother’s age at child’s birth (years)
<25 
25 
Perception that Natural childhood 
disease is preferable to vaccination 
No 
Yes 
Father’s education  
<9 years (Grammar school) 
9 -11 years 
12 years (High School) 
College/University graduate 
 
Ref. 
0.50 (0.36-0.93) 
0.84 (0.70-1.01) 
0.45 (0.36-0.57) 
 
Ref. 
0.97 (0.89-1.06) 
0.71 (0.59-0.85) 
 
 
Ref. 
0.93 (0.86-1.01) 
 
 
Ref. 
1.26 (1.03-1.54) 
 
 
Ref. 
0.92 (0.85-0.99) 
 
 
 
NA §
 
Ref. 
0.38 (0.28-0.51) 
0.66 (0.50-0.88) 
0.13 (0.06-0.52) 
 
Ref. 
0.89 (0.81-0.98) 
0.67 (0.53-0.84) 
 
 
Ref. 
0.87 (0.76-0.99) 
 
 
NA § 
 
 
 
NA § 
 
 
 
Ref. 
1.10 (0.94-1.30) 
          1.18 (1.02-1.35) 
1.23 (1.07-1.42) 
* Relative Risk adjusted only for gender and age of respondent 
† Relative Risk adjusted for all variables in the table (final model) 
‡ 95% Confidence Interval 
§ Non Applicable 
Discussion  
Consistent with other studies, belonging to a minority group was the strongest predictor of incomplete and delayed 
immunization (1-2, 8, 12-13). In addition, paternal education, which has been used a proxy measure for socioeconomic 
status in Greece, appeared to be inversely associated with delayed immunization. 
The presence of three or more other siblings in the household had a strong negative impact on both complete and 
age-appropriate immunization regardless of other factors.  Other studies have reported this association (1, 6, 18, 20, 39-
40). Larger numbers of children seem to place competing demands on mothers, while time and resources available to 
provide for each child become more limited. Furthermore, this study has indicated that the risk of undervaccination was 
associated with lower maternal age. It has been previously shown that children born to younger mothers, those of 
higher birth order and those from larger families receive fewer health care services in general and preventive services in 
particular (8, 11, 18, 39-40). 
Long distance to the place of immunization was the only perceived obstacle that consistently remained a significant 
predictive factor for both under- and delayed vaccination. This may partly reflect lack of transportation, long travel 
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times, lack of time available for preventive services or general inaccessibility to preventive health care.  Structural and 
health care system factors have been shown to have an important effect in achieving desired immunization rates (27).  
This study has shown that parents strongly believe that vaccines are essential to their children’s health, with most 
respondents holding beliefs that would seem to favour immunization. Nevertheless, in our study, overall positive 
opinions regarding vaccinations have not been shown to significantly affect receipt of childhood immunization. Our 
study suggests that socioeconomic factors play a more important role in immunization coverage than parental 
perceptions. 
Despite the general agreement that vaccinations are beneficial, one fifth of parents/guardians thought that natural 
childhood disease may be preferable to vaccination, possibly resulting from perceptions of natural lifestyle or from a 
widespread lack of awareness of the hazards of vaccine-preventable diseases. Since most parents/guardians grew up 
when vaccines were available, they may have little or no firsthand knowledge about the seriousness of the diseases 
prevented by these vaccines, which is consistent with several survey findings.  In addition, this was the only perception 
that remained a significant independent predictor of incomplete but not of delayed vaccination. Alternative health 
beliefs were reported as a risk factor for undervaccination in a recent German study (18). 
This was a large study that assessed the effect of a wide range of factors including both parental attitudes and 
demographic factors on vaccination. One limitation of the study is that Roma children attending school might not have 
been representative of all children belonging to this group, as school attendance rate in Roma children is rather low 
(41).A second limitation of our study is that we compared current beliefs and attitudes with previous immunizations. 
Because the beliefs were measured after vaccination, some of the attitudes may have been influenced by the 
vaccination experiences.  
Conclusions 
The data in this large study offer insight into the relevant effect of socioeconomic factors and parental attitudes on 
immunization rates in Greece. The results suggest that belonging to a minority group, presence of other siblings, 
father’s education, maternal age, distant immunization locations and the perceived severity of disease are important 
determinants of vaccination status among 6 year old school children in Greece. These findings indicate that 
socioeconomic factors may be more important determinants of immunization coverage than parental perceptions.  
Based on the findings of this study, the following identified groups merit increased attention in future interventions 
designed to improve immunization delivery in Greece: i) minority groups, especially Roma and immigrants, ii) families 
with many children, iii) young mothers, and iv) households headed by fathers with low educational level, possible 
reflecting low socioeconomic status of the families. Interventions aimed at those high-risk families, although difficult 
to deliver, may have the greatest effects on community immunization rates. In addition, parents/guardians must be 
educated about the hazards of diseases that vaccinations prevent and the likely susceptibility of their children to these 
diseases. There is a need for policies to overcome structural and health care system barriers to immunization, and 
identify effective and comprehensive approaches for improving the immunization levels of children in high-risk 
groups.  
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